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Abstract

This work focussed on the preparation and characterization of activated carbon from indigenous
lignite using the chemical activation technique by impregnation with potassium hydroxide solution.
The variables studied included temperature, time and chemical-precursor ratio. The prepared
activated carbon products were analyzed for their composition (proximate analysis) and the porous
structure such as surface area and pore volume distribution. Among the variables studied, temperature
and chemical ratio appeared to have the largest effect on the adsorption and porous properties of the
carbons. The maximum BET surface area of 2,236 mz/g of carbon was obtained for activated carbon
prepared at the activation temperature of 900°C, activation time of 60 min and chemical-precursor
weight ratio of 1.0 : 1.0, but with product yield of only about 20%. Activated carbon obtained from
lignite by chemical activation showed better adsorption capacity as compared to that prepared by physical
activation, due principally to much higher specific surface area and larger pore volume.

Keywords: Activated carbon, adsorption, chemical activation, lignite coal
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Table 1. Proximate analysis of lignite from
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Composition wt %
Moisture content 5.5
Volatile matter 37.1
Ash 22.6
Fixed carbon (by diff.) 34.8
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Table 2. Ultimate analysis of lignite coal

Composition wt %
C 50.8
H 4.1
N 22
S 1.9
O (by diff.) 41.0




N5 wmalulad 5115 U0 13 afun 3 nIngIAy - Aueeu 2549 211

Y o Y (a a Adw Aa P
ﬂﬁ”ﬁuﬂWiﬁﬂﬁuwm@uumiﬂ')ﬁqm’)iﬂﬁT”ﬁ@@ﬂ
o I

nlugilvoud (ash) Glumuﬂmummaﬂuaa
aald (Lolja, 1999) HaMINAAIRFIITuT
wennnagnrhiii 15nszguin Iiinans
wanlnse Segngumelueymaniuiunds
KOoH #aiiunumlumsandTinaudrlusuiiu
"lmmmacmma“lwmuﬂmuﬁmmau"lﬂnmm«'u

Glummmm wmaﬁmﬂumuﬂmwummu

{orazmananuay NHﬂﬂJﬂQﬂ1HﬂNN‘HVI

Ul 11 awaves amznszdudedosas
wandnvesawiuiud  wudisosaznananil
maﬂmmunmwmmammw1/m DRRETIRG
W3NfienI Iuves 1nIEduALi 1.0 : 1.0
msinnamsnszdu waliiovaznania
aﬂmm}uzﬁmﬁwammmssﬁuqmﬁgmfﬂﬂ
“a ";umiaﬂaa611mijaﬂazwawamﬁanmﬁwﬁu
fuwrTdudes liTufvgungiildnszdu
"WmiuHavessas I 1nsEdui smuhina
m3nszAuAsil 60 11l uazmzé’uﬁqmmﬁ%
(600 oIrIALTHY ) M3lY KOH mﬂﬁuﬁwa
ﬁ’aﬂmﬂﬁ'aﬁﬁaaawwawﬁﬁ usieifingangi
msmmu“l‘w wu msld ko lwsinuil
mmum“lmaaawwawamﬂm Tao “a v
msanaszfiumugani Fre6195u fgamgd
700 pafIFAITY  A3poazkanananadlIzIw
12 wofiFud usfigaingd 800 esruraiFe az

anaaszine 24 wesiFud Fawaninaaea
KOH mwnmﬂgmmmmn
mﬁmu“lumuwu"lﬂmnsuummmsmmm
mﬂummwnn L1 UaZNRaved A1IEN3
Y sﬂ‘lmwmﬂﬂmmwﬂu Janauu wag e
KOH °lu1J5:Jwmmﬂuuuwam“lmaﬂawwawam
lAanasederanu

Ui 21 asfredvesdnpas loTmmen
msgaduun "luimmuﬁqmwgﬁ 196 ©4f
waFe (77 easAadY) vedduAuTuAR
w3ouTaeld KOH ,meld anzena 9 wuh
muduiudiIoufigauugiidind 800 oem
wade  Tanvaelo Tmmoumsgaduiiiuuny
Type I MUMITUUAUDY [UPAC (Gregg and
Sing, 1982) il aenmuiiudigngy ulng
Wusppgniunnadn (oot 2 uﬂumm)
wazay wIsalumsgady N, Hunau
”Lumumwummaummmu wu (fmw 1
a5l 3 waznsl 5) uawmaammuﬂswm RGE
900 DIAYALTY | umwﬂ'laimmaummﬂuu
vz Lﬂaﬂmﬂmmu Type m AININIU
fim3nszmevinaiiniady nanﬂaumiwmm
gnguvnanantazving gy “a ity
HAN1TNAADIAINEIY BAAARINUNANIST
A uiialase Sagnguiin aslumsedi4
Fanuninawazsas 'y 19nszquasi

d’l Y I 1
AR

Table 3. Proximate analysis of activated carbon prepared under different conditions

Activation conditions

Proximate analysis (wt %)

Temp. Time KOH : coal Moisture Volatiles Ash Fixed carbon

‘0 (min) (wt ratio)

600 60 0.5:1.0 4 33 5 58

800 60 0.5:1.0 8 14 4 74

600 60 1.0:1.0 5 31 2 62

800 60 1.0:1.0 1 17 1 81

600 120 1.0:1.0 9 35 2 54

800 120 1.0:1.0 12 16 2 70
commercial activated carbon 4 6 2 88
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Figure 1. Effect activation conditions on percentage yield of activated carbon prepared by KOH
activation
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Table 4. Porous properties of prepared activated carbon from lignite by KOH activation
Activation conditions - Micropore mesopore ..
Iodine Surface volume pore Average
Temp. Time KOH :coal number area 3 macropore pore size
CC) (min) (wt:wH (mgg) m¥g ™F  oume YO T om)
: carbon) 3 (cm’/g)
(em’/g)
600 60 0.5:1.0 494 691  0.29(76%) 0.10 0.38 2.22
700 60 0.5:1.0 906 1,041  0.43(80%) 0.11 0.54 2.07
800 60 0.5:1.0 1,226 1,286  0.53(83%) 0.11 0.64 2.00
600 60 1.0:1.0 754 910  0.38(77%) 0.11 0.49 2.17
700 60 1.0:1.0 1,157 1,368  0.57(83%) 0.12 0.69 2.02
800 60 1.0:1.0 1,616 1,781  0.72(79%) 0.19 0.91 2.05
850 60 1.0:1.0 1,654 1,912 0.74(75%) 0.25 0.99 2.08
900 60 1.0:1.0 1,842 2,236 0.84(65%) 0.46 1.30 2.33
600 120 1.0:1.0 799 917  0.38(76%) 0.12 0.50 2.18
700 120 1.0:1.0 1,263 1,349  0.56(82%) 0.12 0.68 2.01
800 120 1.0:1.0 1,699 1,856  0.73(77%) 0.22 0.95 2.05
Commercial activated carbon 1,090 1,197  0.48(87%) 0.07 0.55 1.83
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from lignite by KOH activation (activation time: 60 min, chemical ratio: 1.0:1.0)
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N5 wmalulad 5115 U0 13 afun 3 nIngIAy - Aueeu 2549

215

mamsaﬂﬂﬂ% mawammw ,dN71 700 937N
waiFy auly Tm"lwwuﬂmmmu L4 Ay
2236 manmaIAeniuveIMAMTUAT Mz
4

MsAseNALH gungiinizdu 900 esrmiwaITYy
a1 60 I uazdas1 U 1InITquUAD
FQAUIINY 1.0
S 9 5~ sd A =~ =

AuAo U UNed 20 tlesisuaien/Feuman

@

. AzMINTeNaUANTHAMINa L TUITE
RN UAIBITATL ﬁu‘lﬂNﬂmﬂWWIﬂEﬂ‘]ﬁuﬂ
msuoulasen laa (“HEJ‘c’Jﬁ & dndnate, 2542)
WA T R esn Tmnidies
400 AsNATARNTIVeITILANTUA azide
nJisJumfmnumuﬂumumniﬂmimwmw
sumiudingamsd @15195 4) T
Yeun Uiy A Yszinar 1,200 M3190AT
AonsuveIa AU uasufudAinTamIm
i %a duvesguiuvmIA@ANNINNIl (<87
wesidud) uazvnagngumdednni (1.83
wluwasg) )
f198198NHULNUAIVOIDIUAULAZ DY

o s ' =~
ANNUAIINNINDIY SEM 1L m“lugﬂ‘n 6

1.0 uamsosaznananinla

< A ] v = 9
A UIUVOHIUNTZUIUNMTNILAUNIAUANAIY
KOH
Fun Tﬂamu“lmmwmﬂsmmua ZUUIN
mmimumwmumﬂ iife mnzﬁumqmwgu
NAWAZHAT1 AUV 15NTTAUNRLINT U
¥4 pandoaiy wilAae o e uiuiud
AN Y a ]
ldendsenuds

ummuﬂmuﬂmmaﬂm mmww

nalnmInszauale KOH

AAUBDINITNTS @u’maﬁuﬁ”w KOH

) e
W& usufudinfiuing NIRRT RTARIT]
147A8 Marsh and Yan (1984) mam'lﬂummﬂ
18590971737 WAsaeSoueuRuTUR AT A
A anndalszana 3,000 maamasaensy Tag
15195) KOH (Otawa et al., 1993; Lozano - Castello
et al, 2001) Faiilsz “nEam _anhimanszdu
&0 19Tiwiindu 1o Otawa ef al. (1993) 1Az
Hsu and Teng (2000) &t wonalnmsnszdu
&o KOH 3 rilesnn KOH il ursad
AW mﬁm‘/‘i%“ﬁwﬂﬁﬁ?aﬁu’e)wmammm{mu
1&nnuazediasiaEa m“lmnmwmeuu G

ﬁl'ﬁﬂﬁmﬂ‘ﬂﬁ (Tar) maumuﬂu NNMIT A6

1.5

1.2 4

. micropore

c
E 00
)
g
E
[=}
s 700°C
RN 600°C
600°C
0.3 1

D mesopore + macropore

05:10 1.0:10 05:1.0 1.0:1.0 05:1.0 1.0:1.0 1.0:1.0

900°C

800°C

700°C

800°C

KOH : Coal (wt ratio)

Figure 5. Effect of chemical-precursor ratio on pore volume of activated carbon (activation time:

60 min, particle size: 20 X 30 mesh)



' v o v a a J as Y a9y = 4
216 ounuiuannoivan lualasdinszdumauaiide Twm Foulaasonlya

sUTVIY 1KY

600°C / 120 min / 1.0:1.0

800°C / 60 min / 1.0:1.0 800°C /120 min / 1.0:1.0

Figure 6. SEM micrographs of lignite coal and the prepared activated carbons using KOH as an
activating agent under different activation condition



N5 wmalulad 5115 U0 13 afun 3 nIngIAy - Aueeu 2549 217

UGRIGER %IN538ﬂ33ﬂ3}3ﬂ13%1@ﬂ31ﬂ%§1&§
fosalfisniinerdesidunoudde Ui

1. mstiia K,0 Tagin3en dehydration va4

KOH 4l
2 KOH— K,0 + H,0 M
2. Mt water—gasyreaction sernalowh
LAz U Al
C() + O H,+ CO (2
co ‘VlLﬂﬂ"UL! mﬁmmﬂgmmﬂu"lam
dollgad
CO + HO— H, + CO, 3)
msmﬂﬂaﬂﬁﬂm 1 uaz 2 mlvinagngu
Tuodrsanduag Iduiniieannos ZAONVO
mmauﬂﬂmﬂgﬂim”lﬂiﬂammu ﬁmumaﬂ
uennniingamgl aszanm 700 DA LFAITY
znalang Inun &y (K) mumaﬂgﬂim
Fanduves K,0 418 H, 130 C §3 U3
K,0 + H,— 2K + HO (4

uag K,0 + C—> ZK + CO (5)

Tane K mﬂmummmu RERETRER
maaumsm"lﬂxmiﬂaaiuimanwmaﬂﬂﬂ 9
mmaumﬂmamﬁwmnwimq Hasanunhs
niuLaz 31@!,1Juiwaumu“lﬂaﬂmwm

un 31

' AN
iﬂﬂN’dfﬂiﬁﬂ‘HﬁNU’ﬂ MWITATONDIUN LN UA

filgauan_sonauduanlud uuaasong)
as Yy v S J
1aTae3tnszduae Tnun @ouleason laq o
v o odn ya X da a
nuduan Idinuarmelunazdsmasgngu 9
winiereutusuiuiudinsamsmiimion
nnngawzningInszdquaie et Tasmniy
pd1edulatfisufuauiuiudfaIonn
a 4 an 9 2 [2J
anlualasitnszdunisnmeninalonn
¢ 7 sy v
msvoulavenlea wanmsnaassn ldnwe 51
4
1adail
' 2 B Yo (a v
o ounuduanmson1dnUsuand
anaann Taelmeglusie 2 - 5

1
=K A

Wefidud suduauiuADGall
i 9t 23 nlesidud

. mﬂﬂfamwnumiﬂi mm wu
(600 - 900 IR ALTY ) ‘m“lw
%’aﬂasﬁumﬁmﬁﬂﬁww"lﬂ@;aamu
mnsgadulelefiu  Auian
TunziazlTnaTveIgnuNNTIe
mmﬂﬁﬂ'mmﬁu Tuvme ﬁnmmi
N5 muwummum“lmaﬂa “1miin
‘nmﬂ"lﬂzwmu (Sovaznanananad)
ud WiRsY q Imadeunlasly
1NN

o mMsl¥ai u mﬂﬁdmmqﬁyuﬁ
meumclw"lﬂmuﬂwumﬁﬁﬁgﬁ
AanazlTuiasgngumyNInTy
FuAerfuraveamsfivgagl
MInTzau

. msuany e lumsqady
den aluzdveansille Tmmey
wui1d1uﬁuﬁuﬁﬁm’§auWl,ﬂmmu
Type I Fau aagngy ulng
mﬂwuus,ﬂmmmwswuummﬂ
@esnn 2 wluwag) Tag “a
mmﬂsumﬁwsummmaﬂumaﬂ
Tuga 65 - 83 nlosifud Tufy
ANMEMIIATON

k4
A

. azmsaseniiliiuiag e a
2,236 A131UUATADNTY
figuungd 900 esruwalFy
60 Wil uAzdns1 M KOH do
U 1.0 : 1.0 Tagumin
TagN/Fmasgngusawmnny 1.30
aMNARIUAINATABNSY LAZYLIA
gngumaeInAY 2.33 nTumas

aw A = A a
\11‘”jﬁ]ﬂﬂﬂ'JiﬁﬂHWL‘WlllﬂN@ﬂ‘lﬂﬂhlﬂ

k2 1
18un
nal

<3 = an = 1 v o Y
Lﬂufﬂiﬁﬂ‘kl1’Jﬁﬂ1‘§Lﬂ§EJ§Jﬂ1uﬂ3J3JuﬁTﬂEJGIfD' 13
A a A A yas 9
mu%uﬂauma“lmmimumqmﬂmwuaxmq
Ao A = Y a Y
wiigiul)uieondnimsldgungiinszdqu



218

' v o d 1 a a o as Y a9y = 14
muﬂwummﬂmuwuan”limTﬂm‘ﬁﬂsxqumamumﬂwgm L“]fﬂll.lﬁﬂiﬁlﬂ"lﬂiﬂ

ﬁma?ﬁyuLﬁawmmﬁuﬂ?mmgwqumumimj
Fozdwld wnsondamusuiudn unsath
ldna eumsgady 13iid Tuangavuialig
Y ¢oeaiitlsz “nEmmnniu dedrumy Tuana
voe” Wudu Humsldlszlemivesau
fuifudlunszuiunmsuen 1siensgady

A ' Y 22
INLaQﬁﬂNTUTﬂ@’N gl "lﬂﬁajﬂﬁajﬂu']ﬂﬂﬁ"llu

faanssnilszmea

@

i YooV URMNIINedoma TuTag U3
W& iy yunuganyumselsziitlulseun
WAl 2543 - 2544 (3 Tasams SUT7-706-43-24-36)

)]

)

19N 1391999

Foor @3 dadnate. (2542). UNUMITIVIT0A
asnaanuduiudnauiuanlugd.
NURAKHUMIITY WHINedena TuTag
U3 dszaithwszana we. 2542, 66 wih.

Ahmadpour, A., and Do, D.D. (1996). The
preparation of activated carbons from coal
by chemical and physical activation.
Carbon, 34(4):471-479.

Aktas, Z., Karacan, F., and Olcay, A. (1998).
Centrifugal float-sink separation of fine
Turkish coals in dense media. Fuel
Processing Technology, 55:235-250.

Department of Mineral Fuels, Thailand:
Ministry of Energy. (2005). Coal Activities
in Thailand. Available from: www.
dmf.go.th/download/annual.report/
annual2004.pdf. Accessed date: Sept
20, 2005.

Gregg, S.J., and Sing, K.S.W. (1982). Adsorption,
Surface Area and Porosity. 2™ ed.
Academic Press, NY, p. 37-38.

Hsu, C.Y., and Teng, H. (2000). Influence
of different chemical reagents on the
preparation of activated carbons from

bituminous coal. Fuel Processing
Technology, 64:155-166.

Lolja, S.M. (1999). A model for alkaline removal
of sulfur from a low-rank coal. Fuel
Processing Technology, 60:185-194.

Lozano - Castello, D., Lillo Rodenas, M.A.,
Cazorla Amoros, D., and Linares -
Solano, A. (2001). Preparation of activated
carbons from Spanish anthracite I.
Activation by KOH. Carbon, 39:74-749.

Marsh, H., and Yan, D.S. (1984). Formation of
active carbons from cokes using potassium
hydroxide. Carbon, 22:603-611.

Molina - Sabio, M., Rodriguez Reinoso, F.,
Caturla, F., and Selles, M. (1996).
Development of porosity in combined
phosphoric acid carbon dioxide
activation. Carbon, 34(4):457-462.

Otawa, T., Tanibata, R., and Itoh, M. (1993).
Production and adsorption characteristics
of maxsorb: high-surface-area active
carbon. Gas Separation and Purification,
7(4):241-245.

Raveendran, K., and Ganesh, A. (1998). Adsorption
characteristics and pore-development of
biomass-pyrolysis char. Fuel, 77(7):769-781.

Rivera-Utrilla, J., Lopez-Ramon, M.,
Carrasco-Marin, F., Maldonado-Hodar,
F.J., and Moreno-Castilla, C. (1996).
Demineralization of a bituminous coal by
froth flotation before obtaining activated
carbons. Carbon, 34(7):917-921.

Sun, J., Hippo, E.J., March, H., OiBrien, W.S.,
and Crelling, J.C. (1997). Activated
carbon produced from an Illinois basin
coal. Carbon, 35(3):341-352.

Teng, H., Ho, J.A., and Hsu, Y.E. (1997).
Preparation of activated carbon from
bituminous coals with CO, activation:
Influence of coal oxidation. Carbon,
35(2):275-283.

The Customs Department, Thailand: Ministry of
Finance. (2005). Import/Export Statistics.
Available from: www.customs.go.th/
Statistic/StatisticIndex.jsp. Accessed
date: Sept 20, 2005.

Walker, P.L. (1996). Production of activated
carbon: use CO, versus H,O as activating
agent. Carbon, 34(10):1,297-1,299.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




